Photoelectron imaging spectroscopy has been applied to study on two-photon resonant third photon ionization of two states of atomic iodine (5 p 5 2 P 3/2 and 2 P 1/2 ) in the wavelength region 277-313 nm. The technique has yielded simultaneously both relative branching ratios to the four levels of I ϩ ( 3 P 2 , 3 P 0,1 , 1 D 2 and 1 S 0 ) with 5p 4 configuration and the angular distributions of outgoing photoelectrons. The product branching ratios reveal a strong propensity to populate particular levels in many cases. Several pathways have been documented for selective formation of I ϩ ( 3 P 2 ), I ϩ ( 3 P 0,1 ) and I ϩ ( 1 D 2 ) ions. In general, the final ion level distributions are dominated by the preservation of the ion core configuration of resonant excited state defined by the J c l coupling scheme. Some deviations from this simple picture are discussed in terms of the configuration interaction of resonant states and the autoionization in the continuum. The photoelectron angular distributions are qualitatively similar, with a positive A 2 anisotropy coefficient of 1.0-2.0 and negligible A 4 in most cases, which suggests that higher-order Legendre terms are suppressed by the restriction of a maximum orbital angular momentum of ejected electron, 2.
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I. INTRODUCTION
Recent progress in laser technology has advanced to such a degree that experimental work on excited state of atoms is possible. Among these, one of the most easily interpretable experiments is the photoionization of such excited states via the resonance-enhanced multiphoton ionization ͑REMPI͒ technique. 1, 2 There have been a number of experiments [3] [4] [5] [6] and calculations [7] [8] [9] in relation to the single photon ionization of ground states of halogen atoms in the vacuum-ultraviolet wavelength region. On the other hand, the ionization dynamics of excited halogen atoms needs to be studied more since their ionization behaviors have been investigated only for limited states until now: high Rydberg states of atomic iodine reached from the first spin-orbit excited state (5p 5 2 P 1/2 ) by two photon absorption in the wavelength region 260-267 nm, 10 and atomic bromine states excited by three or four photon absorption in the visible region 430-500 nm. 11 The studies are of fundamental interest in electron correlations at both the resonant intermediate and the final continuum states, since these heavy atoms with an open p shell have only one electron missing from the outermost shell.
Photoelectron spectroscopy via REMPI has proven to be a powerful tool for the photoionization dynamics of excited states of neutral atoms. A number of such investigations have been performed on carbon, 12 nitrogen, 13 oxygen, 14 phosphorus, 15 sulfur, 16 transition metals, 17, 18 halogen atoms, 10, 11 and inert gases. 19, 20 Two physical quantities of interest in the spectroscopy are kinetic energy and angular distributions of outgoing electrons. The kinetic energy distribution provides information about the internal state of the remaining ion core, while the angular distribution includes the partial wave character of outgoing electrons and the alignment of the resonant intermediate state. Conventional study is based on the kinetic energy determination from the flight time measurement of ejected photoelectrons at a fixed angle with respect to the laser polarization direction. The angular distribution is therefore acquired from repeated measurements by rotating either the laser polarization vector or the detector system. To overcome these time-consuming processes, the photoelectron imaging technique has been developed to obtain the kinetic energy and angular distributions simultaneously. 21 In this paper, we present a work on the photoionization of Rydberg states of atomic iodine excited by ͑2 ϩ 1͒ REMPI in the 277-313 nm region, using the photoelectron imaging technique. The ionization process is depicted as follows:
where the term symbol notation of initial and final levels follows the LS coupling scheme and the J c l designation is adopted for the excited neutral levels according to the Minnhagen's work. 22 The double-primed symbols denote the initial state quantum numbers, the primes the excited intermediate states and the superscript ''ϩ'' the final state. The odd parity notation has been omitted from the term symbols since Fig. 1 . Because of its energy level structure, iodine is a good candidate for the formation of state-selective ions which in turn can be utilized as reagents in ion-molecule reactions. Here we determine the branching ratios among possible ionic levels and their angular distributions with changing an ionization pathway. These results are interpreted in terms of the direct ionization process of one highly excited electron, perturbed by the configuration interaction in the intermediate level and the autoionization in the continuum.
II. EXPERIMENT
The imaging-spectrometer used in this study is practically the same as the apparatus described elsewhere, 23, 24 except that a negative high voltage is applied to the repelling plate. In order to compensate for the effect of the earth's magnetic field on the photoelectron trajectory, Helmholtz coils are mounted outside the vacuum chamber. A pulsed molecular beam of 3% CH 3 I seeded in He is injected into the ionization region through a skimmer. Methyl iodide dissociates, by A-band photolysis, into two channels leading to either an iodine atom of 5 p 5 2 P 3/2 or 2 P 1/2 , together with a methyl radical. The iodine atoms are ionized within the same laser pulse via two-photon resonance to an intermediate state, plus one-photon ionization. Linearly polarized laser light is produced by doubling the output from a nanosecond Nd/YAG-pumped dye laser and is then aligned by a halfwave retardation plate. A photoelectron cloud expanded from the ionization point is projected onto a positionsensitive detector. A CCD camera integrates the transient images on a phosphor screen for about 6000 laser shots and the background image, obtained at near non-resonant wavelength, is then subtracted.
III. RESULTS
Ionic iodine atoms are produced by MPI of CH 3 I in the wavelength range 277-313 nm. Its MPI spectrum shows very narrow peaks with a typical FWHM of 0.3 cm Ϫ1 , which implies that its formation stems from the electronic transition of neutral iodine atoms released from the photodissociation of CH 3 I. The formation mechanism is consistent with earlier investigations 25, 26 that reported the one-photon excitation ͑A←X͒ followed by prompt dissociation to CH 3 ϩI(5p 5 2 P 3/2 or 2 P 1/2 ), and two-photon resonant transition plus onephoton ionization of the iodine fragment. Assignments of the intermediate states in ͑2ϩ1͒ REMPI are performed for twenty-seven observed peaks as given in Table I , and our measured two-photon energies agree well with literature values 22, 27 within a few wave numbers. Eighteen of these arise from the first spin-orbit excited state and the rest are from the ground state. Three typical raw images are illustrated in Fig. 2 and show concentric rings. The shape of all the rings is anisotropic and displays the polar-cap appearance characteristic of a near cos 2 angular distribution. The number and size of the rings vary in each image with irradiation frequency of the laser light, i.e., one dominant ring at 310.68 nm, two at 280.69 nm and three at 286.71 nm, respectively.
The raw images are the two-dimensional projection of three-dimensional speed and angular distributions of photoelectrons. The three-dimensional distributions are reconstructed by Abel inversion of the raw images since the projection is made perpendicular to the laser polarization direction, around which the spatial distribution of photoelectrons has a cylindrical symmetry. The distance from the center of the reconstructed image is proportional to the speed of an ejected photoelectron. In order to obtain the proportionality coefficient, the experimental condition has been set the same for all images and the pixel distances of their ion shells are least-squares-fitted to the velocities calculated from the energy conservation relationship,
where h is the photon energy, E 0 the internal energy of photodissociated iodine atom with respect to the ground state 5p 5 2 P 3/2 , E i the internal energy of ionic iodine at the i-th level and m e the mass of electron. The i-th level energy of cationic iodine is obtained from the literature. 28 Utilizing the proportionality coefficient, the speed distribution of photoelectrons P() is obtained from the angle integration of the reconstructed image as a function of the pixel distance from the center and is readily transformed into kinetic energy dis-
The internal energy distribution of ionic iodines P(E i ) is then calculated from the kinetic energy distribution using the relationship, P(E i )ϭ3hϩE 0 Ϫ P(E k ). Figure 3 shows the internal energy distributions obtained from the images of peak heights since peak widths are primarily determined by the spatial resolution of our detection system. The results are summarized in Table I 
where P 2k (cos ) is the Legendre polynomial of order 2k and a 2k is the anisotropy coefficient. In order to determine the a 2k coefficients, the obtained angular distribution is fitted into Eq. 3. All our angular distributions are found to be sufficiently fit with k max ϭ2. Two anisotropy coefficients (A 2 ϭa 2 /a 0 , A 4 ϭa 4 /a 0 ) are listed in Tables II and III for the ground and the first spin-orbit excited state, respectively. Typical angular distributions are displayed in Fig. 4 . Some general features observed are that the A 2 coefficient gives larger contributions to the spatial anisotropy than the A 4 and its values for the 3 P term are larger than those of the 1 D.
IV. DISCUSSION

A. Two-photon absorption transition
Two-photon absorptions from the 5p 5 2 P 1/2,3/2 states of the iodine atom are briefly noted, referring to Table I . The two-photon transitions within an atom are governed by the dipole selection rules: ⌬JϭJЈϪJЉϭ0,Ϯ1,Ϯ2 with Jϭ0←/→Jϭ1 and ⌬lϭlЈϪlЉϭ0,Ϯ2, where J is the total angular momentum of the whole system and l the orbital angular momentum of a transition electron. The parity rule guarantees that two-photon excited states will have odd parity due to the odd symmetry of the initial states. In fact, only allowed np←←5p(nϭ6, 7, 8 ) and 4 f ←←5p transitions are observed in this study. The ⌬J selection rule is also observed in our two-photon transitions. If the Russell-Saunders ͑LS͒ coupling scheme were correct, there would be an additional selection rule for the spin conservation, ⌬SϭSЈϪSЉϭ0. Many spin-changing transitions are also observed in the case of the transition from doublet to quartet state, indicating that the iodine energy levels involved can no longer be described solely by the LS coupling. The violation of the spin selection rule is interpreted as configuration interactions between high lying states with the same values of JЈ and parity. In the case of an iodine atom, the configuration interaction is substan- tially stronger than that in P or S atoms, 15, 16 which demonstrates the general tendency that the heavier the atomic weight the larger the deviation from the LS coupling scheme.
B. Relative branching ratios among final ion levels
The relative branching ratios of possible ion levels are shown as a function of the total energy, 3hϩE 0 , in Fig. 5 . In conventional He I photoelectron spectroscopy, the branching fractions have been reported to be in fair agreement with their statistical ratios, the relative values of 2J ϩ ϩ1. 28 However, the statistical ratios depicted by the dotted lines in Fig.  5 are found to be different from our results, which generally display favorable production of one level. It implies that the formation of ionic levels should be largely dependent on the ionization pathway, i.e., the electronic structure of resonant excited state. Simply, if an ionization process occurs from an intermediate state by absorbing one photon as our ͑2ϩ1͒ REMPI, it may be considered as a conventional singlephoton ionization of one electron with no change of the quantum numbers of any other electrons. In the limitation of one-electron direct ionization, the electron configuration of the ion core of the excited intermediate state is preserved during the ionization process. Although the details of our data cannot be interpreted quantitatively, the coreconservation rule allows us to predict the ionization pathway into final ion levels as the starting point. P term for others under the core-conservation assumption. The branching ratios of the expected terms are found to be larger than 0.85 in most cases. Another striking feature in Fig. 5 is an abrupt change in the relative population between 3 P 2 and 3 P 0,1 ion levels as a function of the total excitation energy. The formation of 3 P 0,1 levels is dominant in the energy range from 102 000 to 108 500 cm Ϫ1 while the 3 P 2 level is produced mainly in the 95 000-102 000 and 108 500-115 000 cm Ϫ1 regions. The J-specific population variation is found to result from the total angular momentum of core configuration J c , i.e., the J c value is coincident with the J value of the most abundant final ion level ͑see Table I͒ . It illustrates that the intermediate levels are well represented by means of the J c l coupling scheme as previously proposed, 22 and the corelevel-conserving propensity gives a major contribution to the final ion distribution even if other perturbations exist as minor effects. These characteristics are consistent with the Pratt's work 10 on ionization of more highly excited Rydberg levels of atomic iodine. The core-preserving ionization from resonance-excited states have been documented for many atoms; non-metals ( P,S), 15, 16 transition metals ͑Fe, Ti, V͒ ͑Refs. 17,18͒ and inert gases ͑Ar, Kr, Xe͒. 19, 20 Compared with these atoms, an iodine atom has deviated more from the simple picture. It suggests that there is much more possibility of a core-nonconservaton ionization pathway as discussed below.
The core-nonconserving ionization is attributed to several factors including the configuration interaction of the resonance state by other excited states with different ion cores, and the autoionizing resonance in the continuum. From our results for the relative branching ratios, we have observed that core-changing ionization occurs most severely at the resonance states; ( 3 P 2 ) 4f͓2͔ 5/2 , ( 3 P 2 ) 4f͓1͔ 3/2 , ( 3 P 2 ) 8p͓1͔ 1/2 and ( 3 P 2 ) 8p͓3͔ 5/2 . If the complicated autoionization does not occur in these ionization pathways as supported experimentally, 5 the departure from the core conservation can result from the configuration interaction due to considerable state mixing between excited states. The configuration interaction occurs between intermediate levels with the same values of JЈ and parity, and generally becomes stronger as the energy difference between mixing states goes smaller. Among the ( 3 P 2 ) np configuration, the 8p has been reported to suffer the strongest interaction with the ( 1 D 2 ) 6p due to the nearness in energy. 22 The high 1 D 2 branching ratios ͑44% for ( 3 P 2 ) 8p͓1͔ 1/2 and 26% for ( 3 P 2 ) 8p͓3͔ 5/2 ) can be regarded as resulting from the configuration interaction between ( 3 P 2 ) 8p and ering the previous observaton of stronger perturbation for ( 3 P 2 ) 8p͓2͔ 5/2 than that for ( 3 P 2 ) 8p͓3͔ 5/2 . 22 The disagreement may arise from the fact that, for the ( 3 P 2 ) 8p͓2͔ 5/2 state, the relative magnitude of the photoionization matrix element into I ϩ ( 3 P 2 )ϩl chanenel compared with I ϩ ( 1 D 2 )ϩl is much larger than that for ( 3 P 2 ) 8p͓3͔ 5/2 . In the former two levels with ( 3 P 2 ) 4 f configuration, they have shown relatively high 1 D branching ratios and no J-specific distribution for 3 P J populations as in the case of np configuration. Their final ion state distributions are, on the whole, close to statistical as seen in Fig. 5 near 112 . Another perturbation to explain the statistical character is a strong interaction between the core configuration and the Rydberg electron. Since the 4 f electron has a smaller principle quantum number than the np ͑nϭ6,7,8͒, its orbital is closer to the nucleus and thus can perturb the ion core more extensively than do the np orbitals.
The core conservation tendency of the ( 1 D 2 ) 6p configuration ( 1 D 2 branching ratio у0.85, see Table I͒ seems strange considering its extensive configuration interaction as mentioned above. However, it can be explained by the little susceptibility to the perturbation due to the smaller photoionization cross section into I ϩ ( 3 P 2 )ϩl than that into I ϩ ( 1 D 2 )ϩl. Since the oscillator strength into the ionization continuum generally decreases with increasing energy above threshold, the ionization into higher ion level should have larger cross section.
A total photoionization cross-section of the ground state atomic iodine has been calculated near the 5s 2 . Therefore, the comparison of the branching ratios between these two excitation channels provides a chance to evaluate the autoionization effects on the final ion level distribution. We have observed such transitions for ( 3 P 1 ) 6 p͓0͔ 1/2 , ( 3 P 0 ) 6p͓1͔ 1/2 and ( 3 P 0 ) 6p͓1͔ 3/2 levels. The possibility of the anisotropic distribution in magnetic subshells resulting from the photodissociation and the twophoton absorption processes can be excluded in the two JЈϭ1/2 states in particular. The branching ratios of the three cases are found to be almost identical irrespective of the initial states, which suggests that the autoionization does not affect the final ion distribution strongly. It is consistent with the theoretical calculation in which total energies of the transitions above fall in a region free of autoionizing structure. 
C. Angular distribution of ejected photoelectrons
Photoelectron angular distributions from ͑2ϩ1͒ REMPI are described by Eq. 3. The maximum order of their Legendre polynomial k max is limited by k max ϭ3 due to the total number of photons involved in the process and can be reduced further by angular momentum constraints. If only one intermediate JЈ level is populated in an ͑nϩ1͒ REMPI, the k max is given by the largest integer of the smallest among nϩ1, JЈϩ1, and l max , where l max is the maximum orbital angular momentum of ejected photoelectrons. 30, 31 Our analytical fits are found to require only P 2 (cos ) and P 4 (cos ) Legendre terms, namely k max ϭ2, for all transitions, which implies involvement of the angular momentum constraints. In np intermediate levels, only the JЈ restriction cannot ex- plain the observed k max ϭ2 due to the JЈ values from 1/2 to 7/2. We expect higher-order Legendre terms to be limited by l max . In the direct one-electron ionization, the character of outgoing electrons from np states is a mixture of s and d partial waves due to the parity rule ⌬lϭϮ1 and l max then equal to 2. Since the k max ϭ3 and 2 are obtained for other two 4 f intermediate states with JЈϭ5/2 and 3/2 within the JЈϩ1 restriction, the l max must be also certain to restrict the higherorder terms. The k max ϭ2 therefore suggests that the outgoing electron via 4 f intermediate level has predominantly d partial wave character.
In a given spherical symmetry intermediate state (JЈр1/2), k max ϭ1 is obtained by the constraint JЈϩ1. Therefore, its angular distribution is described by the single anisotropy coefficient A 2 , corresponding to the familiar asymmetry parameter ␤ in the conventional single-photon ionization. We have observed eight transitions via the JЈϭ1/2 intermediate state and have found their A 4 anisotropy coefficients to be close to zero considering the approximate uncertainty of Ϯ0.1. For transitions to nonspherical intermediate states (JЈу3/2), they have two anisotropy coefficients A 2 and A 4 . The A 4 coefficient reflects the anisotropic distribution of the intermediate state in a magnetic subshell because only the A 2 coefficient is sufficient to express the angular distribution resulting from the singlephoton ionization of an isotropic intermediate state. In general our angular distributions are characterized by a relative high positive A 2 and a relative low A 4 . It suggests that ͑2ϩ1͒ REMPI of atomic iodine can be considered as single-photon ionization of a highly excited state with a weak anisotropic character. Since the 5 p 5 2 P 1/2 initial state has spherical symmetry, the A 4 coefficients of transitions from the initial state reflect the intermediate state alignment induced by the twophoton absorption. These alignments are observed and have the following tendency: the larger the JЈ value is, the stronger the alignment shows. For example, the A 4 coefficients of four transitions to the highest level JЈϭ5/2 range from Ϫ0.35 to 0.8 in Table III , while the others vary from Ϫ0.3 to 0.2. Our data show that optical alignment exists for the transitions to JЈϾ1/2 states and the magnitude increases as JЈ goes higher.
